The aim of this article is to attempt a concise review of the state of the art of the nondestructive biomarkers approach in vertebrates, establishing a consensus on the most useful and sensitive nondestructive biomarker techniques, and proposing research priorities for the development and validation of this promising methodology. The following topics are discussed: the advantages of the use of nondestructive strategies in biomonitoring programs and the research fields in which nondestructive biomarkers can be applied; the biological materials suitable for nondestructive biomarkers and residue analysis in vertebrates; which biomarkers lend themselves to noninvasive techniques; and the validation and implementation strategy of the nondestructive biomarker approach. Examples of applications of this methodology in the hazard assessment of endangered species are also presented. -Environ Health Perspect 102(Suppl 12): 49-54 (1994) 
nation problems, the terms of investigation may shift from evaluation of environmental health using sentinel species as bioindicators to a more specific investigation of the "health" of a population or an endangered species in a situation of already ascertained environmental pollution. This inversion of terms inevitably leads to a demand for analytical and sampling methods that are compatible with the protection and conservation of the organism to be studied. In light of this increasingly important requirement, it is essential to focus on the use of nondestructive biomarkers.
The choice of nondestructive biomarkers over destructive biomarkers is not only an ethical one. The author does not wholly agree with the ideology of certain radical environmental movements for which the animal organism, as an individual, must be saved at all costs. From the ecologic point of view, the value of a population or a community is greater than that of an individual. With this in mind, the loss of a few individuals for research purposes is permissible if the data obtained contributes to the conservation of the population or community studied. On the other hand, there is the problem of the "ethic of the researcher." One may often ask whether the researcher is more harmful to the population than the contaminants studied. Several examples exist of "case studies" in which populations of protected species, already heavily stressed by anthropogenic disturbance and contaminants, have been further reduced in number by "wildcat" sampling on the part of short-sighted ecotoxicologists. Apart from ethical considerations, destructive testing in vertebrates may be unacceptable under many conditions, for example, in the hazard assessment of protected or threatened species, or when the number of animals available at a site is limited, or when sequential samples from the same individual are required for timecourse studies.
The use of noninvasive methods of monitoring the health of species and populations at risk has infrequently been the subject of investigation by the "biomarker scientific community" (6-10). The concept of nondestructive testing has great merit and potential, but progress in its development and application to environmental health assessment is hampered because no one had brought all the different methodologies and concepts of nondestructive testing together in an organized way until the recent book edited by Fossi and Leonzio (6) .
The aim of this article is to attempt a concise review of the state of the art, to establish a consensus on the most useful and sensitive nondestructive biomarkers, and to propose research priorities for the development and validation of this promising methodology. 
Species
The principal ecotoxicologic application of nondestructive biomarkers is in the hazard assessment of endangered species of vertebrates (6) . Incidents of drastic reductions in higher vertebrate populations (e.g., marine mammals, endangered bird species, etc.) linked to the presence of contaminants make it indispensable to develop techniques of biomonitoring and hazard assessment based on nondestructive methods. A good example of the application of the nondestructive strategy is the use of blood esterase assay in population of wild birds accidentally exposed to organophosphorus insecticides (7, 8, 11) . This approach has allowed the nondestructive assessment of toxicologic risk.
In the risk assessment of an endangered population suspected to be exposed to toxic substances, nondestructive biomarkers may be applied in the following way. A series of nondestructive biomarkers may be tested in the population in question and compared with data from a reference population (Figure 1 B) . The difference in biomarker values in relation to the spectrum of homeostasis, compensation, and non compensation responses, gives a measure of the risk of the population studied. In this case, the goal of biomarker research is to identify how biomarker responses correspond to different levels of departure from normal homeostasis, as proposed by Depledge (12 (13) . Such differences are mainly determined by the capacity of the mixed function oxidase detoxifying system, and are expressed as differences in adaptability or non adaptability to survive in a polluted environment.
In general terms, the vulnerability of a species to environmental contamination depends on two main factors, the possibility of exposure and the intrinsic sensitivity of the species. The first aspect can be checked by monitoring the habitat for the chemicals concerned. The biomarker approach may be used to assess intrinsic sensitivity (5) . Biomarkers can tell us whether or not a species is responsive, and whether or not it transforms a certain chemical into a toxic metabolite. If our goal is to identify the species at risk in a particular polluted environment, the use of noninvasive techniques (mainly biomarker of effect) should be directed towards the evaluation of interspecific differences in response to the sum, known or unknown, of the polluting agents. With this aim, a suite of nondestructive biomarkers may be tested in several species of the same class suspected to be threatened (for example, fish-eating birds exposed to biomagnification through the marine food chain). The differences between biomarker values in different species, living in the same polluted environment, in relation to the spectrum of homeostasis, compensation and non-compensation, permits the identification of the species potentially at risk or threatened species (6) (Figure 1 C) (14, 15) is performed and biochemical and cytochemical biomarkers were analyzed (9, 10) in skin biopsy specimens. In a recent study (10) , the use of a conventional biomarker, mixed-function oxidase activity, in a "nondestructive" way, was proposed. Benzo[a]pyrene monooxygenase activity (BPMO) was evaluated in skin biopsy specimens of free-ranging cetaceans. The specimens were obtained by a noninvasive method (dart) from striped dolphins (Stenella coeruleoalba) (n = 7) and fin whales (Balkenopteraphysalus) (n = 9) in the northern Tyrrenian sea during the summer of 1991. Figure 2A shows 
Nondestructive Biomarker Techniques
The choice of biomarker or series of biomarkers to use in a biomonitoring program should be guided by the information to be obtained; in other words, one must consider whether the study is aimed at evaluating the overall environmental contamination or at a more specific evaluation of risk to the population of a specific species. Having decided which type of information is to be obtained, one should review the available methods and biological material of the species in question (Table 1) . 
